Abstract
hydrogen-rich hot spring mixes with the oxygenated atmosphere and sulfate-rich seawater over 23 short spatial scales, creating an enormous range of redox environments over a distance ~10 m.
24
We characterized the geochemical conditions along the outflow of Jinata Onsen as well as the positioning Jinata Onsen as a valuable site for future characterization of these clades.
36

Importance
37
High temperatures and reducing conditions allow hot springs to support microbial 38 communities that are very different those elsewhere on the surface of the Earth today; in some 39 ways, these environments and the communities they support can be similar to those that existed 40 on the early Earth and that may exist on other planets. Here, we describe a novel hot spring 41 system where hot, iron-rich but oxygen-poor water flows into the ocean, supporting a range of supported by biological iron and hydrogen oxidizing metabolisms, to downstream microbial mats, supported by oxygenic photosynthesis, provides insight into the potential productivity of life on the early Earth and other planets where oxygenic photosynthesis is not possible. Table 1 ). At high tide, flow rate of the spring increases, 
Results
221
Geochemistry
222
Geochemical measurements along the flow path of Jinata Onsen revealed a significant 223 shift from hot, low-oxygen, high-iron source water to cooler, more oxygen-rich water with less 224 dissolved iron downstream. Geochemistry measurements of Jinata source water are summarized
225
in Table 1 and Supplemental Table 1 , while geochemical gradients along the stream outflow are 226 summarized in Figure 3 and Supplemental ). After emerging from the source pool, the spring water 231 exchanges gases with the air due to mixing associated with water flow and gas ebullition, and 232 DO rose to 1.24 mg/L at the surface of the source pool. As water flows downstream from the 233 source pool, it cools slightly, exchanges gases with the atmosphere, and intermittently mixes 234 with seawater below Pool 1.
235
While there is significant variability in the flow rate from the spring based on tides (and 236 resulting shifts in water level and temperature), the overall geochemistry of the source water and 237 the microbial community appeared largely similar between the January and September 2016. Table 2 ). This subsequent non-detection of H 2 may be related to temporal 242 variability in the gas composition at Jinata (e.g. following tidal influence; significant variability 243 was observed in the CO 2 :N 2 ratio between two sampling dates, Supplemental Table 4 ). MDS analysis (Supplemental Figure 1) 
263
demonstrates that samples from the same site are highly similar, and adjacent sites (e.g. Source 
Discussion
279
The primary trends at Jinata are the transition from hot, low-oxygen, high-iron source as those in downstream regions at Jinata).
300
The most abundant organisms in the Source Pool are members of the Aquificae family NiFe hydrogenase genes, which may be used in hydrogenotrophy; the absence of hydrogenases 312 from the other MAGs may be related to their low completeness, or could reflect a utilization of 313 iron or other electron donors and not H 2 in these organisms.
314
The other most abundant organisms near the source are members of the
315
Zetaproteobacteria-a group typified by the neutrophilic, aerobic iron-oxidizing genus
316
Mariprofundus common in marine systems (Emerson et al. 2007 ). Zetaproteobacteria and
317
Hydrogenothermaceae together made up ~30-65% of 16S sequences in the Source Pool and Pool 318 1, and so appear to drive the base of ecosystem productivity in these upstream pools.
319
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The relative abundance of Hydrogenothermaceae drops off to less than 1% of sequences 
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The copyright holder for this preprint . http://dx.doi.org/10.1101/428698 doi: bioRxiv preprint first posted online Sep. 27, 2018; Seven MAGs were recovered from the enigmatic phylum Calditrichaeota (J004, J008, The abundance at Jinata of microbes with the genetic capacity for hydrogenotrophy 383 suggests that H 2 may be contributing to lithoautotrophy near the hot spring source, despite H 2 384 concentrations being low (below the detection of ~1 nmol/cc in the gas phase of our quantitative 
characteristics of the hot spring water, but the higher seawater influence at the Out Flow appears 412 to create a more permissive environment. The Chloroflexi class Ardenticatenia was first described from an isolate from an iron-rich This could be related to the relatively low completeness of this MAG (~70%), but False Negative 500 estimates by MetaPOAP (Ward et al. 2018c) indicates that the probability that all four steps in 501 the canonical denitrication pathway would fail to be recovered in J129 given their presence in the 502 . CC-BY-NC-ND 4.0 International license It is made available under a (which was not peer-reviewed) is the author/funder, who has granted bioRxiv a license to display the preprint in perpetuity.
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The copyright holder for this preprint . http://dx.doi.org/10.1101/428698 doi: bioRxiv preprint first posted online Sep. 27, 2018;  source genome is less than 0.8%, suggesting that most if not all denitrification genes are truly 503 absent and that the capacity for denitrification is not universal within members of Ardenticatena.
504
This would be consistent with broad trends in the apparently frequent modular horizontal gene sequencing. Sequence data were binned at the phylum level averaged at each sample site. Reads 625 that could not be assigned to a phylum were discarded; all phyla that do not make up more than 626 2% of the community at any one site have been collapsed to "Other". Near the source, the 
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The copyright holder for this preprint . http://dx.doi.org/10.1101/428698 doi: bioRxiv preprint first posted online Sep. 27, 2018;  accumulation of oxygen, and loss of dissolved iron due to biological and abiotic processes. Table 5 . community from a given sample, with sites identified by color and sample type by shape.
667
Samples plotting close to each other are relatively more similar in community composition.
668
Abundance data are transformed by the 4 th root to down-weight the effect of abundant taxa.
669
Stress value is 0.0658.
670
Supplemental Figure 2:
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